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Organisms producing CTX-M-�-lactamases are emerging around the world as a source of resistance to
oxyiminocephalosporins such as cefotaxime (CTX). However, the laboratory detection of these strains is not
well defined. In this study, a molecular detection assay for the identification of CTX-M-�-lactamase genes was
developed and used to investigate the prevalence of these enzymes among clinical isolates of Escherichia coli
and Klebsiella species in the Calgary Health Region during 2000 to 2002. In addition, National Committee for
Clinical Laboratory Standards (NCCLS) recommendations were evaluated for the ability to detect isolates with
CTX-M extended-spectrum �-lactamases (ESBLs). The PCR assay consisted of four primer sets and demon-
strated 100% specificity and sensitivity for detecting different groups of CTX-M-�-lactamases in control strains
producing well-characterized ESBLs. Using these primer sets, 175 clinical strains producing ESBLs were
examined for the presence of CTX-M enzymes; 24 (14%) were positive for blaCTX-M-1-like genes, 95 (54%) were
positive for blaCTX-M-14-like genes, and the remaining 56 (32%) were negative for blaCTX-M genes. Following the
NCCLS recommendations for ESBL testing, all of the control and clinical strains were detected when screened
with cefpodoxime and when both cefotaxime and ceftazidime with clavulanate were used as confirmation tests.

Resistance to the expanded-spectrum cephalosporins can
occur in Escherichia coli and Klebsiella species via the produc-
tion of extended-spectrum �-lactamases (ESBLs) that are
capable of hydrolyzing the oxyiminocephalosporins and
monobactams (11). Recently, a family of ESBLs which prefer-
entially hydrolyze cefotaxime (CTX), the CTX-M-�-lactama-
ses, have been recognized and reported in the literature with
increasing frequency (3). This resistance mechanism is wide-
spread throughout the world, with reports of clinical isolates
producing these �-lactamases from Europe, Africa, Asia,
South America, and most recently North America (3, 27).

CTX-M-�-lactamases are not closely related to TEM or
SHV ESBLs (7) but share high amino acid identity with chro-
mosomal �-lactamases from Kluyvera georgiana (34), Kluyvera
cryocrescens (17) and Kluyvera ascorbata (24). In fact, the CTX-
M-5 enzyme is identical to the chromosomal gene of K. ascor-
bata (3). According to a recent review and new data within
GenBank, CTX-M-�-lactamases can be divided into five
groups based on their amino acid sequence identities (3).
Group I includes CTX-M-1, -3, -10 to -12, -15 (UOE-1), -22,
-23, -28, -29, and -30. Group II includes CTX-M-2, -4 to -7, and
-20 and Toho-1. Group III includes CTX-M-8. Group IV in-
cludes CTX-M-9, -13, -14, -16 to -19, -21, and -27 and Toho-2.
Finally group V includes CTX-M-25 and -26. The members of
these groups exhibit �94% amino acid identity within the
group and �90% amino acid identity between groups (3).

The laboratory detection of organisms producing CTX-M-
�-lactamases is not well defined. The guidelines published by

the National Committee for Clinical Laboratory Standards
(NCCLS) for the detection of ESBL-producing E. coli and
Klebsiella spp. were first published in 1999 before organisms
producing CTX-M-�-lactamases became recognized as an im-
portant cause of resistance to the newer cephalosporins (3, 29).
It is unclear if these guidelines are capable of detecting organ-
isms producing CTX-M-�-lactamases.

A study was designed to develop and evaluate a molecular
detection assay for the identification of strains producing
known CTX-M-�-lactamases and to investigate if genes encod-
ing these enzymes were present among ESBL-producing
strains of E. coli and Klebsiella species isolated from clinical
specimens. Only E. coli and K. pneumoniae were examined
because NCCLS guidelines for screening and confirmation of
ESBL-production are established for these organisms. The
ability of these guidelines to detect strains producing CTX-M-
�-lactamases was also evaluated.

MATERIALS AND METHODS

Bacterial strains. Strains with well-described �-lactamases were used as pos-
itive and negative controls (Table 1). Consecutive nonduplicate isolates of E. coli
and Klebsiella spp. collected at Calgary Laboratory Services during January 2000
to December 2002 were included in this study. These organisms were screened
for the presence of ESBLs and then investigated for the presence of CTX-M-
�-lactamases. Strains were identified to the species level with Vitek (Vitek AMS;
bioMérieux Vitek Systems Inc., Hazelwood, Mo.).

Antimicrobial susceptibility testing. MICs of the following drugs were deter-
mined by Vitek (Vitek AMS): piperacillin (PIP), piperacillin-tazobactam (TZP),
cefpodoxime (CPD), cefotaxime (CTX), and ceftazidime (CAZ). The quality
control strains used for this study were E. coli ATCC 25922, E. coli ATCC 35218,
Pseudomonas aeruginosa ATCC 27853, Staphylococcus aureus ATCC 29213, and
K. pneumoniae ATCC 700603. Throughout this study, results were interpreted
using NCCLS criteria for broth dilution (30).

Screening for and confirmation of ESBLs. The presence of ESBLs was eval-
uated in both the control strains and the recent clinical isolates. Screening was
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performed with Vitek (Vitek AMS) using 1-�g/ml CPD, CAZ, and CTX. Screen-
ing and disk confirmation tests using CTX (30 �g) and CAZ (30 �g) disks in
combination with 10 �g of clavulanate (CLA) were performed and interpreted by
NCCLS criteria for ESBL screening and disk confirmation tests (30). Disks for
ESBL confirmation tests were obtained from Oxoid, Inc. (Nepean, Ontario,
Canada). K. pneumoniae ATCC 700603 and E. coli ATCC 25922 were used as
positive and negative controls, respectively.

�-Lactamase gene identification. DNA template preparation and PCR ampli-
fication for CTX-M-�-lactamase genes were carried out on a Thermal Cycler
9600 instrument (Applied Bio-systems, Norwalk, Conn.) as previously described
(23). The primers, sizes of the expected amplification product, and annealing
temperatures used for PCR amplification are listed in Table 2. Magnesium
chloride concentrations were 1.5 mM for all PCRs.

Nucleotide sequence accession number. The GenBank nucleotide sequence
accession numbers for the sequences used in this study were as follows: CTX-
M-1, X92506; CTX-M-2, X92507; CTX-M-3, AF550415; CTX-M-15, AY044436;
CTX-M-4, Y14156; CTX-M-5, AF286192; CTX-M-6, AJ005044; CTX-M-7,

AJ005045; CTX-M-8, AF189721; CTX-M-9, AJ416345; CTX-M-10, AF255298;
CTX-M-11, AJ310929; CTX-M-12, AF305837; CTX-M-13, AF252623; CTX-M-
14, AF252622; CTX-M-16, AY029068; CTX-M-17, AF454633; CTX-M-18,
AF325133; CTX-M-19, AF325134; CTX-M-20, AJ416344; CTX-M-21,
AJ416346; CTX-M-22, AY080894; CTX-M-23, AF488377, CTX-M-24,
AY143430; CTX-M-25, AF518567; CTX-M-26, AY455830; CTX-M-27,
AY156923; CTX-M-28, AJ549244; CTX-M-29, AY267213; CTX-M-30,
AY292654; CTX-M-31, AJ567482; CTX-M-32, AJ557142; CTX-M-33,
AY238472; Toho-1, D37830; Toho-2, AF311345; Toho-3, AB038771; and
FEC-1, AB098539.

RESULTS

Molecular detection of CTX-M genes. Currently, there are
40 gene sequences designated as blaCTX-M in the National
Center for Biotechnology Information GenBank database (3).

TABLE 1. Control strains producing well-characterized �-lactamases

Strain Organism �-Lactamase Groupa Source or
reference

CF2 Enterobacter cloacae CTX-M-1 I 18
Rio-4 Proteus mirabilis CTX-M-2 II 5
VER-1 E. cloacae CTX-M-3 I 18
Cfr2525/96 Citrobacter freundii CTX-M-3 I 21
Eco3553/98 E. coli CTX-M-15 I 1
34 Salmonella enterica serovar Typhimurium CTX-M-5 II 9
Rio-3 Enterobacter aerogenes CTX-M-8 III 5
785D E. coli CTX-M-9 IV 36
EC97/38582 E. coli CTX-M-10 I 31
EC984167 E. coli CTX-M-14 IV 26
CF1 E. coli CTX-M-14 IV 18
Rio-6 E. coli CTX-M-16 IV 4
BM4493 Klebsiella pneumoniae CTX-M-17 IV 13
ILT-2 K. pneumoniae CTX-M-18 IV 35
ILT-3 K. pneumoniae CTX-M-19 IV 35
CT1b E. coli Toho-1 II 25
S1b E. coli SHV-2 20
S2b E. coli SHV-7 8
T1b E. coli TEM-3 20
T4b E. coli TEM-10 20
T5b E. coli TEM-50 37

a Group I includes CTX-M-1, -3, -10 to -12, -15 (UOE-1), -22, -23, -28, -29, and -30. Group II includes CTX-M-2, -4 to -7, and -20 and Toho-1. Group III includes
CTX-M-8. Group IV includes CTX-M-9, -13, -14, -16, to -19, -21, and -27 and Toho-2. Finally, group V includes CTX-M-25 and -26. We were unable to obtain a strain
producing any group V enzymes.

b These strains are part of an unpublished isogenic panel. The original strains producing these �-lactamases were provided to the Center for Research in
Anti-Infectives and Biotechnology by the referenced authors listed in the table.

TABLE 2. Primers used for amplification

Target(s)a Primer Sequenceb Product
size (bp)

Annealing
temp (°C)

Nucleotide
positions (bp)c

GenBank
accession no.d

CTX-M group I CTXM1-F3 GAC GAT GTC ACT GGC TGA GC 499 55 416–435 X92506
CTXM1-R2 AGC CG C CGA CGC TAA TAC A 914–896

CTX-M group II TOHO1-2F GCG ACC TGG TTA ACT ACA ATC C 351 55 313–334 X92507
TOHO1-1R CGG TAG TAT TGC CCT TAA GCC 663–643

CTX-M group III CTXM825F CGC TTT GCC ATG TGC AGC ACC 307 55 475–495 AF189721
CTXM825R GCT CAG TAC GAT CGA GCC 781–764

CTX-M group IV CTXM914F GCT GGA GAA AAG CAG CGG AG 474 62 1857–1876 AF252622
CTXM914R GTA AGC TGA CGC AAC GTC TG 2330–2311

a Group I includes CTX-M-1, -3, -10 to -12, -15 (UOE-1), -22, -23, -28, -29, and -30. Group II includes CTX-M-2, -4 to -7, and -20 and Toho-1. Group III includes
CTX-M-8. Group IV includes CTX-M-9, -13, -14, -16 to -19 and -21, and -27 and Toho-2. Finally, group V includes CTX-M-25 and -26.

b Sequence of primer as synthesized 5� to 3�.
c Nucleotide position in base pairs for the GenBank accession number sequence.
d Accession number of the sequence used for primer design.
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Based on percent sequence similarities, blaCTX-M genes can be
clustered into five different groups (3). Nucleotide similarities
between these genes were analyzed by using DNAsis for Win-
dows 2.6 (Hitachi Software), and four primer sets were de-
signed which would amplify family- or group-specific CTX-M
genes. These groups were designated CTX-M groups I, II, III,
and IV. These groups and the specific family members within
the group are listed in Tables 1 and 2. The group III primer set
was designed to amplify both blaCTX-M-8 and blaCTX-M-25. This
was done to simplify the number of primer pairs required to
identify blaCTX gene families. The forward primer of primer
pair III (blaCTX-M-8) has 100% identity to blaCTX-M-8 but has
three mismatches at the 5� end for blaCTX-M-25; the reverse
primer is 100% identical to blaCTX-M-8 and has a 1-base mis-
match at position 5 of the 18-base primer for blaCTX-M-25. The
accession numbers used for sequence alignments in this study
are listed in Materials and Methods.

The designed primers were tested for specificity in separate
PCRs using a DNA template prepared from control strains
known to produce specific CTX-M �-lactamases or strains
producing ESBLs other than CTX-M �-lactamases (Tables 1
and 3 and Fig. 1). PCR amplification of DNA template pre-
pared from strains CF2, VER-1, Cfr2525/96, Eco3553/98, and
EC97/38582 resulted in a single amplified product of 499 bp
when CTX-M group I primers were used. No amplified prod-
uct was identified with this primer set when DNA template
from the rest of the control strains in Table 1 was used during
PCR amplification. Group II primers amplified a single 351-bp
fragment when DNA template was prepared from control
strains Rio-4, 34, and CT1. All other control strain DNA tem-

plates resulted in no amplification product for this primer set.
Group IV primers amplified a 474-bp product from DNA
prepared from strains 785D, EC984167, CF1, Rio-6, BM4493,
ILT-2, and ILT-3. This primer set was also very specific, re-

FIG. 1. CTX-M PCR. Four primer sets representing specific
groups of blaCTXM genes were evaluated for specificity with DNA
prepared from strains known to produce specific CTX-M �-lacat-
mases. The DNA templates were prepared from CF2 producing CTX-
M-1, CF1 producing CTX-M-14, Rio-4 producing CTX-M-2, and
Rio-3 producing CTX-M-8. H2O represents the negative control, and
L represents a 100-bp ladder (Invitrogen). Specific marker sizes in base
pairs are shown on the right. Each primer pair was used in combination
with both positive and negative templates. The primer groups used for
each set of templates are listed below the figure and are defined in
Table 2.

TABLE 3. Laboratory diagnosis of control strains producing known ESBLs

Strain Enzyme

Result by:a:

Screeningb Disk confirmationc PCR primer pairsd

CPD CAZ CTX CAZ/CLA CTX/CLA CTX-M-I
group

CTX-M-II
group

CTX-M-III
group

CTX-M-IV
group

CF2 CTX-M-1 � � � � � � � � �
Rio-4 CTX-M-2 � � � � � � � � �
VER-1 CTX-M-3 � � � � � � � � �
Cfr2525/96 CTX-M-3 � � � � � � � � �
Eco3553/98 CTX-M-15 � � � � � � � � �
34 CTX-M-5 � � � � � � � � �
Rio-3 CTX-M-8 � � � � � � � � �
785D CTX-M-9 � � � � � � � � �
EC97/38582 CTX-M-10 � � � � � � � � �
EC984167 CTX-M-14 � � � � � � � � �
CF1 CTX-M-14 � � � � � � � � �
Rio-6 CTX-M-16 � � � � � � � � �
BM4493 CTX-M-17 � � � � � � � � �
ILT-2 CTX-M-18 � � � � � � � � �
ILT-3 CTX-M-19 � � � � � � � � �
CT1 Toho-1 � � � � � � � � �
S1 SHV-2 � � � � � � � � �
S2 SHV-7 � � � � � � � � �
T1 TEM-3 � � � � � � � � �
T4 TEM-10 � � � � � � � � �
T5 TEM-50 � � � � � � � � �

a �, negative; �, positive.
b NCCLS guidelines for screening for ESBL-producing bacteria. CPD, CAZ, and CTX were each used at 1 �g/ml.
c NCCLS guidelines for ESBL disk confirmation tests.
d PCR primers for CTX-M groups (refer to Materials and Methods for details). Group I includes CTX-M-1, -3, -10 to -12, -15 (UOE-1), -22, -23, -28, -29, and -30.

Group II includes CTX-M-2, -4 to -7, and -20 and Toho-1. Group III includes CTX-M-8. Group IV includes CTX-M-9, -13, -14, -16 to -19, -21, and -27 and Toho-2.
Finally, group V includes CTX-M-25 and -26.
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sulting in no amplification of DNA when template was pre-
pared from the other control strains. Use of the group III
primer set resulted in amplification of DNA prepared from
only one strain, Rio-3, which produced CTX-M-8. An isolate
producing CTX-M-25 was requested but not obtained. There-
fore, we were unable to examine the ability of the group III
primer set to amplify blaCTX-M-25. A representative gel indi-
cating the specificity of the primer pairs is shown in the Fig. 1.
These data indicate a high level of specificity for these group-
specific primer pairs.

Clinical bacterial strains. During the study period, 232 E.
coli strains producing ESBLs were isolated from 168 patients
and 11 K. pneumoniae strains were isolated from 7 patients.
The overall frequencies of ESBL producers observed in this
study were 1.3% for E. coli and 0.5% for K. pneumoniae. Of the
175 (168 plus 7) strains included in this study, 154 (88%) were
isolated from urine cultures, 7 (4%) were isolated from blood,
5 (3%) were isolated from both the blood and urine of a single
patient, 3 (2%) were isolated from wounds (purulent), 2 (1%)
were isolated from sputum, 2 (1%) were isolated from both
sputum and urine of a single patient, and 1 (1%) each was
isolated from bronchoalveolar lavage and stool (associated
with symptomatic diarrhea), respectively.

Antimicrobial susceptibility of clinical strains. All the
ESBL-producing E. coli strains were resistant to CPD and PIP,
119 (71%) were resistant to CTX, 29 (17%) were resistant to
CAZ, and 7 (4%) were resistant to TZP. Among the ESBL-
producing K. pneumoniae strains, all were resistant to CPD and
PIP, 3 (43%) were resistant to CTX, and 1 (14%) was resistant
to CAZ. All of the ESBL-producing K. pneumoniae strains
were susceptible to TZP.

Identification of blaCTX-M genes in the clinical strains. All of
the ESBL-producing E. coli and Klebsiella spp. were examined
by PCR for the presence of blaCTX-M genes. Of the 168 E. coli
strains isolated during the study period, 24 (14%) were positive
for blaCTX-M genes from the CTX-M-I group, indicating CTX-
M-1-like �-lactamases. Ninety-three (55%) were positive for
blaCTX-M genes from the CTX-M-IV group, indicating CTX-
M-14-like �-lactamases, and the remainder (51 [31%]) were
negative for blaCTX-M genes (Table 4). Of the seven K. pneu-
moniae strains isolated during the study period, two (29%)

were positive for blaCTX-M genes from the CTX-M-IV group
and the remainder (five [71%]) were negative for blaCTX-M

genes (Table 4).
Screening and confirmation for ESBLs by NCCLS criteria.

Using the 1999 NCCLS criteria for detection of ESBLs in E.
coli and Klebsiella spp., all of the control and clinical strains
from the current study producing ESBLs were positive when
screened with CPD (1 �g/ml) (Tables 3 and 4) (29). Because
the CPD MICs for all organisms examined were greater than 4
�g/ml, the new guidelines set forth in 2003 by the NCCLS
changing the CPD concentration to 4 �g/ml would not have
affected the results described in this study. It is important to
note that according to the references listed in Table 1, none of
the control strains tested produced an ESBL other than the
CTX-M �-lactamase identified. Almost every reference indi-
cated the presence of TEM-1 in the control strains, and in the
case of K. pneumoniae strains, a band with a pI of 7.6 was
reported as SHV-1. The production of an AmpC �-lactamase
was not indicated in any of the references describing these
strains (see references in Table 1). All of the control strains
expressing various ESBLs were detected with 1-�g/ml CTX
except for TEM-10. In addition, 98% of the clinical strains
from the current study were positive with 1-�g/ml CTX; the
four exceptions were blaCTX-M-negative strains. Using CAZ at
1 �g/ml did not detect control strains producing CTX-M-2, -8,
-9, -10, and -14 and Toho-1 or 14% of the clinical stains from
the current study, which were all positive for blaCTX-M-14-like

(Tables 3 and 4). The NCCLS disk confirmation test using
CTX with and without CLA was positive for all of the control
strains and 99% of the clinical strains from the present study
(Table 3 and 4). The disk confirmation tests using CAZ with
and without CLA were positive for the control strains produc-
ing CTX-M-15 (UOE-1), -16, -17, and -19. These �-lactamases
are part of groups I and IV (Table 1 and 3). Sixty-five percent
of the current clinical strains tested negative (35% positive)
with CAZ with and without CLA (Table 4). These data reflect
the molecular data, which indicated that only 3% of the current
clinical strains with a blaCTX-M-14-like gene tested positive by
the CAZ and CLA disk confirmation test (Table 4). All of the
strains (control and clinical) were positive for at least one of
the confirmation tests, but by using both CTX/CLA and CAZ/

TABLE 4. Laboratory diagnosis of clinical strains producing ESBLs

Strains (n) PCR for blaCTX-M genesa

No. (%) of strains

Screeningb Disk confirmationc

CPD CAZ CTX CAZ/
CLA

CTX/
CLA CTX/CLA and CAZ/CLA

E. coli (51) Negative 51 (100) 51 (100) 48 (94) 34 (67) 49 (96) 51 (100)
K. pneumoniae (5) Negative 5 (100) 5 (100) 4 (80) 3 (60) 5 (100) 5 (100)
E. coli (24) Positive for CTX-M-I group 24 (100) 24 (100) 24 (100) 21 (88) 24 (100) 24 (100)
E. coli (93) Positive for CTX-M-IV group 93 (100) 71 (76) 93 (100) 3 (3) 93 (100) 93 (100)
K. pneumoniae (2) Positive for CTX-M-IV group 2 (100) 0 (0) 2 (100) 0 (0) 2 (100) 2 (100)

Total (175) 175 (100) 151 (86) 171 (98) 61 (35) 173 (99) 175 (100)

a PCR primers for CTX-M subgroups (see Materials and Methods for details). Group I includes CTX-M-1, -3, -10 to -12, -15 (UOE-1), -22, -23, -28, -29, and -30.
Group II includes CTX-M-2, -4 to -7, and -20 and Toho-1. Group III includes CTX-M-8. Group IV includes CTX-M-9, -13, -14, -16 to -19, -21, and -27 and Toho-2.
Finally, group V includes CTX-M-25 and -26.

b NCCLS guidelines for screening ESBL-producing bacteria. CPD, CAZ, and CTX were each used at 1 �g/ml.
c NCCLS guidelines for ESBL disk confirmation tests.
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CLA disk confirmation tests, all strains producing an ESBL
were detected (Table 4).

DISCUSSION

There has been a dramatic increase in the number of organ-
isms reported in the literature that produce CTX-M-�-lacta-
mases (3). This class of �-lactamases has been recognized
worldwide as an important mechanism of resistance to oxyimi-
nocephalosporins used by gram-negative pathogens (3). In
most cases, organisms producing these enzymes display higher
levels of resistance to CTX and ceftriaxone than CAZ (3).
However, organisms producing some CTX-M variants, includ-
ing CTX-M-16 and -19 and UOE-1, are resistant to CAZ (4,
33, 35).

Phenotypic differentiation of organisms producing CTX-M-
�-lactamases from organisms producing other types of ESBLs
can be difficult. The difficulty is due to overlapping phenotypes
resulting in interference from other �-lactamases produced by
the organism capable of hydrolyzing CAZ (2, 4, 35). Therefore,
susceptibility testing which relies on identifying organisms that
are resistant to CTX and/or ceftriaxone but susceptible to CAZ
is not a reliable approach. In addition, the use of isoelectric
focusing to identify �-lactamases is becoming obsolete because
many isoelectric points of different �-lactamases overlap, in-
cluding CTX-M-�-lactamases (3, 7). PCR amplification and
sequencing of blaCTX-M genes have been used to characterize
organisms producing CTX-M-�-lactamases (6, 12, 14). Re-
cently a molecular approach for screening ESBL-positive or-
ganisms for the presence of CTX-M genes was described by
Edelstein et al. (19). Consensus primers, which recognize all
the known variant genes of blaCTX-Ms to date, were used to
generate an amplified product of 544 bp. To identify the spe-
cific groups of blaCTX-Ms, restriction fragment length polymor-
phism (RFLP) analysis was employed. The technique de-
scribed in this study uses four specific primer sets to detect the
various groups of CTX-M-�-lactamase genes, thus negating
the need for RFLP analysis. Data generated using several
control strains known to produce specific CTX-M-�-lactama-
ses validated the specificity and sensitivity of these primer sets.
A control strain producing a CTX-M-25 �-lactamase (belong-
ing to group V) was not available, and although the primers
designed to amplify blaCTXM-8 (belonging to group III) con-
tained one mismatch with respect to blaCTX-M-25 in the reverse
primer and three mismatches in the 5� portion of the forward
primer, these mismatches should still allow amplification from
blaCTX-M-25 given the stringency with which the PCR is mod-
ified (unpublished data on mismatched primer pairs). Even
though this PCR assay involves the use of four sets of primers,
a single DNA fragment is amplified for each CTX-M group.
Therefore, interpretation of results is simple and can be
adapted in reference laboratories for screening multiple iso-
lates for the presence of group-specific CTX-M-�-lactamase
genes (Fig. 1).

The four-primer-pair PCR-based detection system was used
to screen 168 ESBL-producing E. coli strains and 7 K. pneu-
moniae strains for the presence of genes encoding CTX-M-�-
lactamases recovered from the Calgary Health Region (CHR)
during 2000 to 2002. The CHR is a fully integrated, publicly
funded health system that provides health care to the residents

of the cities of Calgary and Airdrie and approximately 20
nearby small towns, villages, and hamlets (overall population
of 958,610 in 2001). In the CHR, Calgary Laboratory Services
receives all clinical specimens submitted for bacteriologic test-
ing, including those from all hospitals, nursing homes, physi-
cians’ offices, and community collection sites (15). The major-
ity of ESBL-producing bacteria (68%) isolated in the CHR
during 2000 to 2002 carried a CTX-M-�-lactamase gene (Table
4). To our knowledge, this is the first study that identified
strains with blaCTX-M genes as the predominant type of ESBL
in a well-defined North American region, although a previous
study has shown the presence of CTX-Ms in Canada (28).

The limitations of molecular analyses for resistance genes
result from the presence of unknown mutations which might
occur in the primer target region or the evolution of gene
products which have not yet been identified at the genetic
level. Therefore, any negative PCR result must be evaluated
with this in mind. Thirty-five percent of the 175 ESBL-produc-
ing strains in this report were negative by PCR for blaCTX-M.
These data could indicate that the ESBL phenotype is due to
production of ESBLs other than CTX-Ms. However, the neg-
ative PCR results in this report do not negate the possibility
that modified blaCTX-Ms were present in these isolates. Due to
the increased complexity of �-lactam resistance in gram-neg-
ative organisms, the key to effective surveillance is the use of
both phenotypic and genotypic analyses in concert.

The detection of organisms producing ESBLs remains a
contentious issue. Proficiency testing studies performed by the
Centers for Disease Control and Prevention and the College of
American Pathologists have raised concerns about the current
capacity of many laboratories to detect organisms producing
ESBLs (22, 39–41). A study recently published showed that
only 8% of microbiology laboratories from rural hospitals in
the United States routinely screen for ESBL-producing organ-
isms (38). Since the majority of patients infected with a strain
of ESBL-producing E. coli or Klebsiella spp. identified in our
study originated from the community (32), it is conceivable to
predict that ESBL-producing organisms are present in the
community in North America but are not being reported.

The NCCLS guidelines for ESBL detection in E. coli and
Klebsiella spp. include an initial screening with either CPD,
CTX, CAZ, ceftriaxone, or aztreonam, followed by a confir-
mation test using both CTX and CAZ in combination with
clavulanate (30). A practice exists among some clinical labo-
ratories of using CAZ as the initial screening drug and CAZ
with CLA as the confirmation test (10, 16). Data from this
study indicate that 14% of ESBL-producing strains will not be
detected if CAZ is used as the initial screen. However, in this
study, CPD detected all of the ESBL-positive strains (Table 4).
The concern raised by this study is that only 35% of ESBL-
producing strains (20% of CTX-M-producers) were reported
as ESBL positive when CAZ with CLA was the only confir-
mation test (Table 4). Therefore, a more appropriate approach
for initially screening organisms for the presence of ESBLs is
to use CPD followed by disk tests using both CTX with CLA
and CAZ with CLA to confirm the presence of ESBLs among
E. coli and Klebsiella spp.

Organisms with genes encoding CTX-M-14-like �-lactama-
ses were responsible for an outbreak among elderly patients in
the Calgary community during 2000 (32). This outbreak was
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only recognized after the PCR identification of CTX-M-14-like
�-lactamase genes. If molecular detection assays, such as the
one described in this paper are available at the time of an
outbreak and performed by a reference laboratory, early rec-
ognition and the possible mechanism(s) by which resistance is
spread can be identified in a timely manner. Extra efforts such
as molecular procedures to identify resistance mechanisms can
promote optimal patient care by early detection of antimicro-
bial-resistant organisms and implementation of appropriate
infection control procedures.
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